Abstract: Overexposure to sunlight is widely accepted as the underlying cause of cutaneous melanoma. UV radiation induces the formation of DNA photoproducts that, if unrepaired, can induce carcinogenic mutations. Recent data indicate that sorbates can be useful to widen the protection against UV radiation by acting as a triplet-state quencher in the melanocyte. The aim of the present work was to prepare a sunscreen formulation containing ethylsorbate or sorbic acid in order to combine the UV-filter action with the triplet-state quenching activity of these molecules. Ethylsorbate and sorbic acid were characterized in terms of solubility and partition coefficient, and their transdermal permeation and skin accumulation were studied in vitro from simple solutions and in the presence of cyclodextrins (alpha and hydroxypropylbeta) as a complexing agent. The goal was to reduce as much as possible sorbates permeation while sustaining their skin levels. The obtained results indicated that the addition of alphacyclodextrins determined a 6-folds (ethylsorbate ) or 4-folds (sorbic acid) reduction of the transdermal permeation. Sorbic acid and alphacyclodextrin (1:1 and 1:3 molar ratio) were then formulated in a sunscreen vehicle using 1.5% hyaluronic acid (sodium salt) as a thickener and hydrating agent and 5 mg/mL benzophenone 4 (BP4) as UVB/UVA filter. The addition of hyaluronic acid and BP4 gave rise to a formulation with good cosmetic properties, no BP4 permeation, good sorbate (0.2-0.3 µmol/cm 2 ) and BP4 (0.3-0.5 µmol/cm 2 ) skin levels (stratum corneum + viable epidermis) and thus a broad protection against UV radiation.
Introduction
Cutaneous melanoma is a very aggressive form of skin cancer originating from melanocytes that become cancerous cells due to aberrant changes at the biochemical level. Overexposure to sunlight is widely accepted as the underlying cause of cutaneous melanoma and it has been estimated that four out of five cases of skin cancer could be prevented, through the limitation of exposure to the mid-day sun and the use of sunscreens [1, 2] . Mutations in sunlight-induced melanoma are due to UV photon absorption by DNA. The result is the formation of cyclobutane pyrimidine dimers (CPD), DNA photoproducts that, if unrepaired, can induce carcinogenic mutations. These CPDs form picoseconds after an ultraviolet (UV) photon is absorbed, so they originate only during UV exposure and can be prevented by UV filters. However, recently, some researchers demonstrated that in melanocytes, CPDs are continuously generated for hours (at least 3) after exposure to UVA. These CPDs are called "dark CPD" and are due to the chemiexcitation of melanin derivatives and the formation of a melanin quantum triplet state that acts as a CPD maker [3] . The same researchers demonstrated that this process could be prevented by melanin triple state quenchers such as vitamin E and sorbates [3, 4] . These substances could in principle be added to sunscreen formulations and/or to after-sun formulations to strengthen the prevention against carcinogenic events.
The aim of the present work was to produce a sunscreen formulation containing sorbates to combine the UV-filter action with the triplet quenching activity of these molecules. In particular, ethylsorbate and sorbic acid were used. The specific goals were (1) to characterize ethylsorbate and sorbic acid; (2) to validate a procedure for the extraction from stratum corneum and viable skin; (3) to evaluate ethylsorbate and sorbic acid permeation and skin retention from solutions; (4) to formulate sorbic acid in a sunscreen formulation using hyaluronic acid (sodium salt) as a thickener and hydrating agent and benzophenone 4 as a UVB/UVA filter. In order to reduce sorbates penetration and promote their skin retention, sorbate-cyclodextrins mixtures were evaluated. Cyclodextrins, cyclic oligosaccharides with a hydrophilic surface and a lipophilic cavity, were selected thanks to their property of including molecules and in particular conditions that reduce their skin permeation. A number of studies have indeed demonstrated that the use of excess cyclodextrins (i.e., more than the amount needed to solubilize the compound) results in the reduction of transmembrane penetration [5] .
Ethylsorbate is a liquid compound and is FDA-approved as a synthetic flavoring substance permitted for direct addition to food for human consumption [6] . Sorbic acid (Hexa-2,4-dienoic acid) is a medium-chain fatty acid frequently used as an anti-microbial food preservative agent and also used in cosmetic formulation as a preservative. 
Materials and Methods

Materials
Determination of the Partition/Distribution Coefficient of Sorbic Acid and Ethylsorbate
Partition coefficients of sorbic acid and ethylsorbate between isopropyl miristate (IPM) and saline solution or between octanol (OCT) and saline solution were determined using the shake flask method, following the guidelines of the European Chemical Bureau (European-Chemical-Bureau, Dir 92/69/EEC; O.J. L383 A). Briefly, before the partition coefficient determination, the two phases of the 
HPLC analysis
Sorbic acid and ethylsorbate were quantified by HPLC-UV (Infinity 1260, Agilent Technologies, Santa Clara, CA, USA), with a reverse-phase Nova-Pack C18 cartridge (150 × 3.9 mm, 4 µm) (Waters, Milford, MA, USA) and a C18 guard column (Security Guard™ Cartridge, Phenomenex, Torrance, CA, USA) both thermostatted at 40 • C. The mobile phase, pumped at 1.0 ml/min, was a 60:40 (v/v) mixture methanol: water containing 1% acetic acid. The injection volume was 20 µL, and absorbance was monitored at 258 nm. In these conditions, sorbic acid and ethylsorbate retention times were about 1.7 and 4.2 min respectively (Figure 1 ). Benzophenone 4 was analyzed in the same conditions except for the mobile phase, that was a 50:50 (v/v) mixture of methanol and water containing 1% acetic acid, and the injection volume (100 µL); absorbance was monitored at 285 nm. In these conditions, benzophenone-4 retention time was about 2 min. The HPLC methods were validated for sensitivity, precision and accuracy. In the case of sorbic acid and ethysorbate, calibration curves were prepared in the concentration intervals 1 × 10 −4 (LOQ)-5 × 10 −2 µmol/mL and 7 × 10 −3 (LOQ)-3.6 × 10 −1 µmol/mL respectively. RE% and RSD% were lower than 5 and 2.5% in all cases. For benzophenone-4 a calibration curve in the interval of concentration 0.25-50 µg/mL was built with a RE% and RSD% lower than 7 and 1% respectively for all the concentrations tested. The LOD was 0.25 µg/mL (RE% 0.99; RSD% 0.56).
Determination of the Partition/Distribution Coefficient of Sorbic Acid and Ethylsorbate
Partition coefficients of sorbic acid and ethylsorbate between isopropyl miristate (IPM) and saline solution or between octanol (OCT) and saline solution were determined using the shake flask method, following the guidelines of the European Chemical Bureau (European-Chemical-Bureau, Dir 92/69/EEC; O.J. L383 A). Briefly, before the partition coefficient determination, the two phases of the solvent system were mutually saturated by shaking for 3 h at the same temperature (20 ± 2 • C) and in the same ratio of the partitioning experiments. The organic phase:water phase ratio was 1:1 in case of sorbic acid and 1:10 in case of ethylsorbate. Each compound was then individually dissolved in the saturated water phase at a concentration of 100 µg/mL. 1.0 mL of this solution was transferred to 2.0 mL vials and added to either 1.0 mL (sorbic acid) or 0.1 mL of saline-saturated organic phase. Each sample was submitted to 100 rotations and then the two phases were separated. SA and ES were quantified in both phases. The aqueous phase was directly injected in HPLC, while the organic phase was diluted 1:2 (SA) or 1:10 (ES) with methanol. The partition/distribution coefficients K IPM/Saline and K OCT/Saline of SA and ES were calculated as:
where [IPM] and [OCT] were the concentrations in the organic phase and [Saline] was the concentration in the aqueous phase; V IPM and V OCT were the volumes of the organic phase; V Saline was the volume of the aqueous phase.
Skin Retention and Permeation Experiments
For permeation experiments, porcine skin was used. The tissue was isolated from Landrace and Large White animals supplied from a local slaughterhouse (Annoni S.p.A., Parma, Italy). The skin, excised from the outer part of pig ears, was separated from the underlying cartilage with a scalpel and frozen at −20 • C until the day of the experiment. The skin was then thawed and mounted on vertical diffusion cells (DISA, Milano, Italy; 0.6 cm 2 surface area) with the stratum corneum facing the donor compartment. The receptor compartment was filled with about 4 mL of either 0.9% NaCl or PBS pH 7.4; preliminary experiments demonstrated that the different receptor solution did not have any influence on permeation and retention. The formulations evaluated are reported in Table 1 .
About 200 µL or 200 mg of the formulations were applied for 5 h in the donor compartment and 300 µL of the receptor fluid were sampled every hour. Each condition was replicated 3 to 6 times. At the end of the experiment, the receptor solution was sampled, the donor formulation was carefully removed with absorbent paper, the tissue was rinsed with 10 mL of distilled water and blotted dry with filter paper. Then, the skin (0.6 cm 2 , area in contact with the donor formulation) was stripped (20 strips, Scotch Book Tape, 3M, USA) for SC sampling, and the remaining skin sample (0.6 cm 2 ), was minced. Both tissues were extracted using a validated method (see item 2.5). Extraction and permeation samples were analyzed by HPLC. 
Validation of the Extraction Procedure
In order to set up and validate the procedure for sorbic acid and ethylsorbate skin extraction, skin samples (area 0.6 cm 2 ) were tape-stripped 20 times, to separate the SC. Tissues (i.e., SC and the remaining stripped skin) were separately spiked with a known amount of SA or ES and then extracted in different conditions. After centrifugation and/or filtration, samples were analyzed by HPLC for the determination of the recovery %.
Solubility and Phase Solubility Diagram
For the determination of ES solubility, an excess amount was added to water or to saline solution (NaCl 0.9%). After magnetic stirring for 24 h, the dispersion was centrifuged (10 min, 12,000 rpm), and the water phase was sampled for the HPLC quantification of ES dissolved. If the water phase was not clear, a second centrifugation was performed.
In order to build the SA phase solubility diagram in the presence of cyclodextrins, an excess amount of SA was added to 1 mL of distilled water or aqueous solutions of alpha or HP beta cyclodextrin (from 10 to 90 mM) and magnetically stirred for 24 h at 25 • C. Thereafter, the suspensions were filtered (0.45 µm, PTFE) and the filtrate was diluted 1:100 with saline solution. SA concentration in each solution was determined by HPLC. Each experiment was replicated three times.
Statistical Analysis
The significance of the differences between conditions was assessed using a Student's t-test. Differences were considered statistically significant when p < 0.05. In the Figures, for the sake of clarity, the experimental points are represented as the mean value ± standard error of the mean (sem), as indicated in the legend. The number of replicates is always included between three and six.
Results and Discussion
Basic Studies
Partition Coefficient
The partition coefficient of ethylsorbate and sorbic acid was evaluated using 0.9% NaCl as the water phase and both octanol and isopropylmiristate (IPM) as the lipophilic phase. While octanol represented the reference solvent, IPM was selected since it better mimicked the lipophilicity of the stratum corneum [7] . The results are presented in Table 2 . The pH of the aqueous phase after sorbic acid addition (100 µg/mL) was 4.8, thus the value reported for sorbic acid represents the distribution coefficient at pH 4.8 (pKa = 4.7; unionized form: 52%). This value was -as expected -lower than the one reported in the literature for the unionized form (1.3) [8] . As expected, a much higher partition was found for ethylsorbate, with no difference between octanol and IPM. In the case of sorbic acid, even if the difference was not statistically significant (p = 0.052), the value found in octanol was higher than in IPM, in agreement with the solubility parameters of SA (11.97) and closer to octanol (10.3 ) than IPM (8.02) [9,10].
Solubility
In the case of ethylsorbate, the solubility was evaluated in water and in saline solution. The measure of solubility in water was challeging, due to (1) the difficulty in ethyilsorbate-water separation (the solution was often opalescent after centrifugation) and (2) the volatility of ES, whose concentration in water tended to decrease by increasing the centrifugation time. The presence of NaCl favoured the phase separation and the obtained solubility was 1.40 ± 0.30 mg/mL. Sorbic acid solubility in water was 2.00 ± 0.10 mg/mL (Table 2) in agreement with literature data (1.9 mg/mL) [11] . Figure 2 reports the solubility diagram in the presence of either alpha or HPbeta CD. The shape of the curve related to alpha CD suggesting a type B diagram [12] , forming a 1:1 inclusion compound with a defined solubility of about 60 mM. The profile obtained with HPbetaCD could be attributed to a type A L diagram [12] , at least until a 90 mM CD concentration. Up to 60 mM CD concentration, the affinity of sorbic acid is higher for alphaCD with respect to HPbetaCD. The higher affinity of SA for the smaller cavity of the alphaCD with respect to the bigger betaCD ring was also demonstrated by cyclodextrin-modified capillary electrophoresis [13] .
Validation of Skin Extraction
The extraction of sorbic acid was evaluated under different experimental conditions and the best result is reported in Table 3 . In the same conditions, the recovery of BP4 was also satisfactory. (Table 1) . In the case of ethysorbate, it was not possible to validate an extraction procedure, due to the volatility of this compound. The extraction was then performed using a mixture of MeOH: 0.1 M HCl: Transcutol (1:1:1). This vehicle guarantees a good solubilisation of ethylsorbate, freely miscible with Transcutol, and good penetration into the tissue due to the presence of the aqueous phase. Additionally, the recovery percentage of sorbic acid (that can be formed into the tissue following ethylsorbate hydrolysis) was evaluated with this method and resulted in quantitative data.
Transdermal Penetration and Skin Retention of Ethylsorbate and Sorbic Acid from Solutions
Ethylsorbate (ES)
Ethylsorbate (ES) is a liquid compound characterized by low MW and relatively high lipophilicity. These characteristics suggest high skin permeability. To evaluate ES permeation properties, experiments were performed using the pure liquid (d = 0.93 g/mL) and a 0.6 mg/mL water solution (clear, close to saturation). Being an ester, ES can be metabolized into the skin to form sorbic acid (SA), that was quantified with the same analytical method (Figure 1 ). The permeation data (Figure 3a) refers only to SA, because only this compound was recovered in the receptor solution. Since in both cases the saturation degree was equal to 1, in the first two hours the permeation profiles were comparable, regardless of the 1000-fold difference in concentration. The profile obtained with the water saturated solution tended then to flatten, probably due to ES depletion in the donor solution, linked both to permeation/skin retention and to the possible evaporation.
acid (SA), that was quantified with the same analytical method (Figure 1) . The permeation data (Figure 3a) refers only to SA, because only this compound was recovered in the receptor solution. Since in both cases the saturation degree was equal to 1, in the first two hours the permeation profiles were comparable, regardless of the 1,000-fold difference in concentration. The profile obtained with the water saturated solution tended then to flatten, probably due to ES depletion in the donor solution, linked both to permeation/skin retention and to the possible evaporation. Skin retention results are reported in Figure 3b . In this case, both ethylsorbate and sorbic acid were recovered. Ethylsorbate represented the majority of the amount accumulated in the SC, probably due to the low enzymatic activity of this layer. Some considerations could be done from the preliminary results obtained: (1) Liquid ES highly accumulated in the SC; (2) ES was almost quantitatively converted to SA in the viable skin; (3) the use of a saturated water solution drastically reduced the accumulation in the viable skin; (4) most of the sorbate that was recovered after 5 h was found in the receptor compartment. In order to reduce permeation and increase skin retention, ES was applied in a solution containing alpha cyclodextrins (ES:CD molar ratio 1:1); this approach determined a 5-fold reduction in the amount of ES permeated, while no statistically significant variations were found for the accumulated amount.
The use of ethylsorbate is complicated due to its volatility, its peculiar smell and the tendency to adsorb onto and be retained by several types of plastic materials. The use of the inclusion complex with alphaCD is a possible strategy to reduce this problem. A possible alternative to ethylsorbate is represented by sorbic acid. Indeed, this molecule also has demonstrated triplet carbonyl quenching activity [14] . Additionally, it is currently used in cosmetic formulations as a preservative. Figure 4 illustrates the permeation and the skin retention of sorbic acid after the application of a saturated solution in water (SA ss) (conc 2 mg/mL; pH ≈ 3). The permeability parameters indicate that sorbic acid has very good permeation properties, with a permeability coefficient of 3.15 ± 0.04 × 10 −2 cm/h. Aiming to reduce the permeated amount, 1:1 molar ratio complexes (sorbic acid final concentration 2.5 mg/mL) using both alpha and HPbetaCDs were prepared and evaluated. Results highlight a comparable skin accumulation and permeation in the case of HPbetaCD (p > 0.05), while a significant (p < 0.001) reduction of SA permeation was found with alphaCD. The differences between the permeability coefficients obtained using HPbetaCD and alphaCD (2.00 ± 0.30 × 10 −2 and 0.87 ± 0.25 × 10 −2 cm/h, respectively, p < 0.05) could be ascribed to the different solubility -thus thermodynamic activity-of SA in the two vehicles (see Figure 2) .
Sorbic Acid (SA)
Overall, the application of the SA:alphaCD 1:1 molar ratio complex, with a SA concentration of 2.5 mg/mL and a pH of 4.2 attained a relatively high skin accumulation, and limited its permeation. concentration 2.5 mg/mL) using both alpha and HPbetaCDs were prepared and evaluated. Results highlight a comparable skin accumulation and permeation in the case of HPbetaCD (p > 0.05), while a significant (p < 0.001) reduction of SA permeation was found with alphaCD. The differences between the permeability coefficients obtained using HPbetaCD and alphaCD (2.00 ± 0.30 × 10 −2 and 0.87 ± 0.25 × 10 −2 cm/h, respectively, p < 0.05) could be ascribed to the different solubility -thus thermodynamic activity-of SA in the two vehicles (see Figure 2) . Overall, the application of the SA:alphaCD 1:1 molar ratio complex, with a SA concentration of 2.5 mg/ml and a pH of 4.2 attained a relatively high skin accumulation, and limited its permeation. 
Formulation of Sorbic Acid: Alphacd Complex in a Sunscreen Gel
The aim of the following studies was the formulation of a sorbic acid:alphaCD complex in a cosmetically acceptable sunscreen formulation. Thus, benzophenone-4 (BP4), a hydro soluble UV-filter, was added in order to combine the melanin triple quencher activity of sorbic acid with the shielding action of BP4. To increase the viscosity, hyaluronic acid was selected.
The addition of HA and BP4 to a water solution of sorbic acid: alphaCD 1:1 complex could have multiple effects on SA permeability. Indeed, the viscosity increases due to the presence of HA, which could modify drug diffusion and release from the formulation; the presence of a UV-filter could increase skin permeability [15] ; any substance added to the sorbic acid: alphaCD 1:1 complex solution could, in principle, displace SA from the complex, thus modifying its behavior. All these factors should be taken into consideration, keeping in mind that the final goal is to reduce as much as possible SA and BP4 permeation while sustaining the skin levels.
The impact of the presence of hyaluronic acid and BP4 on sorbic acid permeation and skin retention was evaluated. The results are presented in Figure 5 .
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The aim of the following studies was the formulation of a sorbic acid:alphaCD complex in a cosmetically acceptable sunscreen formulation. Thus, benzophenone-4 (BP4), a hydro soluble UVfilter, was added in order to combine the melanin triple quencher activity of sorbic acid with the shielding action of BP4. To increase the viscosity, hyaluronic acid was selected.
The impact of the presence of hyaluronic acid and BP4 on sorbic acid permeation and skin retention was evaluated. The results are presented in Figure 5 . The addition of either BP4 or HA tended to reduce the amount retained and increased the permeation, probably because they could compete for the binding sites in the CD molecule thus increasing the proportion of SA that was free in solution. Additionally, the viscosity imparted by the presence of HA could reduce the overall diffusion of SA. When HA and BP4 are present at the same time in the formulation, this behavior is even more marked. Indeed, the amount permeated was The addition of either BP4 or HA tended to reduce the amount retained and increased the permeation, probably because they could compete for the binding sites in the CD molecule thus increasing the proportion of SA that was free in solution. Additionally, the viscosity imparted by the presence of HA could reduce the overall diffusion of SA. When HA and BP4 are present at the same time in the formulation, this behavior is even more marked. Indeed, the amount permeated was approximately 3-fold the amount accumulated. With the aim of reducing SA permeation, the gel was formulated tripling the cyclodextrin concentration. Results highlight a drastic reduction of SA permeation, with a negligible effect on SA skin accumulation. The reduction of drug permeation in the presence of a cyclodextrin excess has been previously reported by several authors [5] .
The fate of BP4 was also investigated and Figure 6 reports the amount accumulated in SC and viable skin. No BP4 was detected in the receptor fluid and, in the case of gels, the majority was recovered in the SC. Table 1 ). BP4 was never recovered in the receptor solution. a: Statistically different from each other (p < 0.05). (average ± sem).
Relevance of the SA Skin Concentration Obtained
Sorbic acid is a preservative with antibacterial and antifungal properties listed in Annex V of the Regulation of the European Parliament and of the Council on Cosmetic Products (EC 1223/2009) ; it can be used for cosmetic preparations at a maximum concentration of 0.6% [16] . Due to the reduction in the use of parabens and thanks to its natural origin, sorbic acid use in cosmetic formulations has increased by 67% from 2009 to 2013 [17] . The use of "natural preservatives" is indeed considered appealing by many consumers and antimicrobials of natural origin are presently the object of intense cosmetic research [18] . Among them, sorbic acid demonstrated very good performance in the preservation of cosmetic emulsions [19] and is also frequently used in combination with other natural compounds to obtain a synergistic effect [20] .
The reported activity as a triplet quenching agent with the possibility of reducing the formation of dark CDPs, could expand its use in broader applications, such as the strengthening of the protection against UV irradiation in sunscreens and in after-sun formulations [1, 2] . In order to exert its protective activity, this molecule should accumulate in the epidermis (in particular in melanocytes) but, due to its physicochemical properties, a high percentage of sorbic acid permeates across the skin. In order to reduce the transport and improve the availability at the site of action, the use of a 1:1 molar ratio complex with alphacyclodextrin can be a simple and efficacious strategy (Figure 4) .
It is not possible to establish with certainty if the skin levels obtained ( Figure 5 ) can block the mutagenic activity of UV-induced melanin derivatives, however some calculations can be done. Literature data indicate that a 10 ng/ml (0.07 nmol/mL) concentration of ethylsorbate inhibits the production of dark CPDs in pigmented mouse melanocytes after UVA exposure [1] . By considering an SA accumulation in viable skin of 0.125 µmol/cm 2 , an average skin weight of 0.135 g/cm 2 and Figure 6 . BP4 accumulation in SC and viable skin from three different vehicles (exact composition in Table 1 ). BP4 was never recovered in the receptor solution. a: Statistically different from each other (p < 0.05). (average ± sem).
Sorbic acid is a preservative with antibacterial and antifungal properties listed in Annex V of the Regulation of the European Parliament and of the Council on Cosmetic Products (EC 1223/2009); it can be used for cosmetic preparations at a maximum concentration of 0.6% [16] . Due to the reduction in the use of parabens and thanks to its natural origin, sorbic acid use in cosmetic formulations has increased by 67% from 2009 to 2013 [17] . The use of "natural preservatives" is indeed considered appealing by many consumers and antimicrobials of natural origin are presently the object of intense cosmetic research [18] . Among them, sorbic acid demonstrated very good performance in the preservation of cosmetic emulsions [19] and is also frequently used in combination with other natural compounds to obtain a synergistic effect [20] .
It is not possible to establish with certainty if the skin levels obtained ( Figure 5 ) can block the mutagenic activity of UV-induced melanin derivatives, however some calculations can be done.
Literature data indicate that a 10 ng/mL (0.07 nmol/mL) concentration of ethylsorbate inhibits the production of dark CPDs in pigmented mouse melanocytes after UVA exposure [1] . By considering an SA accumulation in viable skin of 0.125 µmol/cm 2 , an average skin weight of 0.135 g/cm 2 and assuming a skin density = 1, it is possible to calculate the concentration in the skin. The obtained value is 0.93 µmol/mL, i.e., approximately 13,000-fold higher than the one effective in vitro. This result suggests that the skin level found is more than enough to exert the quencher activity, even considering the different set-up (isolated cells vs organized tissues) and the probably higher difficulty of sorbic acid (ionized at physiological pH) to cross the cell membrane for comparison to ethyl sorbate.
To formulate the sorbic acid: alpha CD complex in a cosmetically acceptable vehicle, hyaluronic acid was selected. This polymer, together with the thickening property, is an excellent hydrating agent [21] [22] [23] . Additionally, some data suggest that HA-based cosmetic formulations may also protect the skin against ultraviolet irradiation due to the free radical scavenging properties of HA [24] . Finally, BP4 was added to obtain a sunscreen formulation. The results have shown that, as desirable, no PB4 permeation occurred, and, using gel formulations, the molecule remained mainly localized in the stratum corneum.
The developed formulation could be a valuable tool for a broad photoprotection. However, the preservation of the antimicrobial activity of sorbic acid in the presence of cyclodextrins and its effective activity towards the formation of dark CPDs should be evaluated. It will also be necessary to verify the effectiveness of UVA-absorption by BP4 in the presence of cyclodextrins and to evaluate the sun protection factor (SPF) of this formulation.
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